Historic,  Arcliive  Document 

Do  not  assume  content  reflects  current  scientific  knowledge, 
policies,  or  practices. 


Issued  February  15,  1913. 

United  States  Department  of  Agriculture, 

BUREAU  OF  CHEMISTRY— Circular  No.  iii. 
R.  E.  DOOLITTLE,  Acting  Chief  of  Bureau. 

THK  KFFIXT  OF  CERTAIN   PKiMKNTS  ON   LINSEED  OIL;  WITH  A 
NOTE  ON  THE  MANGANESE  CONTENT  OF  RAW  LINSEED  OIL. 

By  E.  ^^^  Bolghton.  A.^siyfant  Chenn\st,  Contracts  Laboratory. 


M  tho  time  the  Contracts  Laboratory  of  the  Bureau  of  Chemistry 
\\  as  making  some  exposure  tests  on  painted  steel  plates  some  of  the 
mixtures  of  various  pigments  of  known  composition  with  raw  linseed 
oUof  known  analytical  constants  were  set  aside  in  closed  jars  of  uniform 
shape  and  size  in  order  to  learn  what  changes  would  take  place  in  the 
oil  ui)on  standing.  No  (h'ier  was  added  to  these  samples.  The  ])aints 
were  so  prei)are(l  that  after  the  addition  of  drier  they  had  apj^roximately 
the  same  viscosity,  47  to  50  (water  =  6.2),  as  determined  by  a  Stormer 
viscosimeter.  The  jars  were  stoppered  air-tight  and  placed  in  a 
closet  having  a  ghiss  (k)or,  where  the  light  was  dim  and  diffused. 

The  following  table  gives  the  list  of  pigments  that  were  used  and 
the  proportions,  by  weight,  of  pigment  and  oil: 

Tabi.k  1. — (Jompoution  of  paints. 


Pi'^inent. 

Pigment 

by 
weight. 

Oil  by 
weight. 

Pigment. 

Pigment 

hy 
weight. 

Oil  by 
weight 

\\  liilelead  ( basic carbona te ). . 
K  iolin  (contains  CaSO^) 
Indian  red  

Per  cent. 

72 
50 
.50 
40 
46 
45 

Per  cent. 

28  1 
50  1 
50  1 

54 
55 

Artificial  graphite  

Zinc  white  (American). . 

Per  cent. 
42 

■■VJ 

.34 
.51 
I'j 

Per  cent. 
58 
61 

06 
49 
84 

1  lake  f,Taphite  

Chrome  yellow  (lead  chro- 
mate)  

.Mufoictic  oxidj  black  i  

Chromium  oxid,  green.  .  . 

Zinc  yellow  (zinc  chromate). . 

Lampblack  

ykoT^ri!^c^nUF^^^^^^^^  Na.CO.2.82  per  cenl,  FeCO,.  18  per  cent 

At  th(^  vnd  of  Mild  two  year  jx'riods  the  contents  of , each  jar 
were  well  mixed  and  a  j)ortion  poured  <.iit.  thinned  with  etner,  and 
centrifuged.  After  decanting  the  supernatant  licpiid  from  the  pig- 
ment the  greater  part  of  the  ether  was  evaj)orated  on  jbhe  steam 
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bath,  and  the  oil  heated  for  half  an  hour  at  105'  C.  in  an  inert  gas, 
carbon  dioxid  being  used  for  the  one-year  and  hydrogen  for  the  two- 
year  samples.  The  last  traces  of  pigment  were  removed  by  filtering 
through  fine  fdter  paper.  The  black  pigments  settled  with  difficulty. 
The  oil  extracted  from  the  lampblack  paint,  was  red  and  muddy  and 
was  not  analyzed.  Judging  Irom  its  constants,  appearance,  and 
odor,  the  linseed  oil  purchased  in  the  open  market  was  undoubtedly 
unadulterated.    The  constants  were  as  follows:^ 

Specific  gravity  (15.6°  C.)   ^- 

Saponification  number  l^^-  ^ 

Acid  number   ^  -  ^ 

lodin  number   1/9.  6 

Ash  (per  cent)   ^- 

Unsaponifiable  matter  (per  cen  t  j   ^-  ^8 

Unfortunately  all  the  oil  was  used  in  making  the  paints,  so  that  the 
changes  which  would  occur  m  keepmg  it  without  pigments  could  not 
be  noted.  It  has  been  proved,  however,  that  raw  Unseed  oil  kept  in 
glass  away  from  bright  sunlight  for  two  years  does  not  change  appre- 
ciably with  respect  to  its  analytical  constants,  except  for  a  slight  rise 
in  acid  number 

As  the  different  pigments  settled  with  different  degrees  of  com- 
pactness in  the  jars,  the  surface  of  contact  was  larger  m  some  cases 
than  in  others.  Since  the  contents  of  the  jars  were  mbced  before  samp- 
ling, the  change  in  analytical  figures  as  obtained  represents  an  effect 
upon  the  total  volume  of  oil.  The  results  are  shown  in  the  following 
table: 

Table  2— Effect  of  pi-gmenis  on  raw  Unseed  oil. 


Pigment. 


j  Time  of 
exposure. 


Specific 
gravity 
(15.6"  C). 


Years. 


Whitt  lead  (basic  carboiuUe). 


Kaolin. 


Indian  rod  

Flake  J^raphite  

Magnetic  black  — 

Zinc  yellow  

Artificial  graphite. 
Zinc  white  


Chrome  yellow  

Chromium  oxid,  green 
Original  oil  


lodin 
num- 
ber. 


Ash. 


0.940 
.038 
.939 
.935 
.Wl 
.939 
.934 
.933 
.937 
.935 
.934 
.93i 
.935 
.939 
.935 
.934 
.9.37 

.  \m 

.937 
.937 
.934 


175. 8 
177. 3 
173.0 
171.6 
173.  8 
172.5 
180.9 
178.2 
174.6 
173.2 
180.  2 
179.5 
181.0 
180.8 
181.3 
179.7 
176.3 
17.5.7 
178.0 
180.2 
179.6 


Per  cent. 
0.35 
.40 
.12 
.14 
.15 
.14 
.21 
.15 
.17 
.13 
.20 
.18 


t'olor. 


.15 

.13 
.14 
.14 
.01 
.05 
.13 


Bleached. 

Do. 
Very  mu.h 

bleache'l. 
Bleached. 

Do. 
Normal. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Hli'ached. 

Do. 

Do. 

Do. 


i  Analysis  by  E.  M.  Dawson. 


«  Froc.  Amer.  Soc.  Tedt.  Mai.,  1911,  1/  .•  197. 
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Before  coniinentin<j:  on  the  fij^ures  it  may  bo  well  to  discuss  the 
^^eiieral  action  of  })i^nients  on  linseed  oil.  Toch  '  stated  that  tho 
hydrolysis  of  the  glycerids  in  linseed  oil  by  moisture  is  hastened  by 
the  j)resence  of  lime  or  lead  salts.  White  lead,  sublimed  lead,  and 
zinc  oxid  all  showed  the  same  bleaching  power  within  two  weeks, 
irrespective  of  the  kind  of  raw  linseed  oil  used.  Slow  chemical 
reactions  take  place  between  the  lead  and  zinc  pigments  and  the  oil. 
Painters  sometimes  prefer  a  white-lead  paste  which  is  old.  Toch 
also  stated  that  the  iodin  number  of  a  pure  raw  Imseed  oil  may  be 
reduced  to  110  by  the  addition  of  metallic  salts,  as  Japan  drier,  but 
this  statement  does  not  mean  that  such  a  large  reduction  is  caused 
by  the  reaction  between  pigment  and  oil. 

Sabm  2  em])hasized  the  strong  action  of  litharge  upon  linseed  oil 
and  stated  that  the  effect  of  red  lead  (Pb304)  on  oil  may  be  due  to  the 
litharge  content,  as,  by  preparing  a  red  lead  from  lithaige  in  the 
form  of  an  impalpable  powder,  thus  securing  practically  complete 
oxidation  to  the  higher  oxids  of  lead,  the  product  is  without  the 
usual  action  when  mixed  with  oil.  A  mixture  of  white  lead  and  oil 
dries  more  rapidly  than  oil  alone,  but  so  small  is  this  increase  that 
it  is  not  recognized  in  practice.  In  the  drying  process  the  action  of 
the  inert  pigments,  asbestine,  China  cla}^,  etc.,  is  similar  to  that  of 
white  lead,  which  may  be  due  to  physical  rather  than  chemical 
causes.  In  fact,  no  pigments  are  really  inert  to  oil  with  respect  to 
the  drying  process,  and  this  pigment  action  is  of  great  value  in  paint. 

Klein  ^  stated  that  linseed  oil  extracted  from  paint  is  frequently 
found  to  have  a  low  iodin  number  and  quoted  Boettinger's  ^  experi- 
ments which  showed  a  reduction  of  the  iodin  number  from  188.3  to 
131  by  wliite  lead  in  17  days,  and  to  122.2  in  two  months.  Whiting 
and  ocher  showed  the  same  changes.  In  the  original  article,  however, 
Boettinger  stated  that  the  mixtures  of  oil  and  pigments  were  exposed 
to  light  and  air,  so  that  it  was  in  reality  a  study  of  the  effect  of  pig- 
ments on  the  amount  of  atmospheric  oxidation  of  the  oil. 

Gardner  ^  made  mixtures  of  ])igments  and  linseed  oil,  using  very 
small  quantities,  and,  after  allowing  them  to  stand,  determined  the 
increase  in  the  amount  of  ash.  Zinc  oxid,  white  lead,  and  red  lead 
were  the  only  ])igments  that  gave  an  appreciable  increase  in  the 
amount  of  ash. 

In  a  later  pa])er  ^'  he  gave  the  results  of  allowing  linseed  oil  to 
stand  in  contact  with  different  pigments  for  two  yeai-s.  Although 
the  exj)eriments  were  similar  to  those  reported  in  this  paper,  the 

»  The  Chcmistrj'  and  Technology  of  MLxed  Paints,  1907. 

«  Bottler  and  Sabin,  German  and  American  Varnish  M  ikin;:,  1912. 

»  Allen,  Commercial  Organic  Analysis,  4th  ed.,  1010,  £  :  33«i. 

<  (  hem.  Ztg.,  1S08.  £3 :  102,  ooS. 

»  I'aint  Te^'hnolog5'  and  Test«,  1911. 

•J.  Franklin  Inst.,  1912,  vol.  174. 
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results  woic  v(M y  diffoit'iit.  The  pifrinonls  that  Gardner  used  were 
zinc  oxid.  basic  car])()nat(»  of  lead,  combinations  of  lead  and  zinc 
pitjjments,  barytes,  silica,  basic  cliromate  of  lead,  red  lead,  iron  oxid, 
carbon  ])lack,  and  ^^raphite.  The  iodin  number  of  the  oriijinal  oil 
was  ISl.  The  samples  extracted  from  the  pigments  had  iodin 
vahies  vaiyin":  from  135  to  163.  The  specific  gravity  was  greatly 
raised  by  silica  and  iron  oxid  and  slightly  b}^  most  of  the  others.  The 
])ignients  containing  lead  and  zinc  caused  an  increase  in  the  amount 
of  ash,  showing  actual  chemical  combination.  Where  the  other 
constants  were  greatly  changed  the  acid  number  of  the  oil  was  much 
raised.  Gardner  called  attention  to  the  fact  that  the  combination 
of  jngment  and  oil  is  due  to  hydrolysis  with  the  formation  of  free 
fatty  acid.  The  determination  of  this  increase  therefore  is  of  impor- 
tance as  showing  to  what  degree  the  glycerid  has  been  broken  up, 
thus  increasing  its  tendency  to  combine  with  the  pigment.  In  the 
case  of  the  mixture  of  oil  and  silica  hydroh^sis  took  place,  as  shown 
by  the  high  acid  number,  but  the  pigment  did  not  go  into  solution. 
The  viscosity  of  the  mixtures,  being  slightly  greater  than  that  ordi- 
narily found,  is  doubtless  somewhat  in  excess  of  that  of  the  ])aints 
listed  in  Tabic  1. 

As  Gardner  stated  that  in  two  of  his  jars  a  skin  was  formed  upon 
the  surface,  it  seems  probable  that  air  entered  into  the  reaction. 
This  may  be  the  cause  of  the  difference  in  the  results.  Agaui,  if  an 
oil  containing  certain  metals  in  solution  is  heated  in  air  to  drive  off 
the  last  traces  of  solvent,  oxidation  will  occur  in  a  short  time. 

The  need  of  using  an  inert  gas  when  heating  oils  extracted  from 
paint  is  illustrated  by  the  figures  in  Table  3.  Oil  A,  extracted  from 
a  white-lead  paste,  contained  some  dissolved  lead.  The  iodin  num- 
l^er  of  the  fatty  acids  was  185.  Oil  B  was  prepared  by  dissolving 
lead  linoleate  in  pure  raw  linseed  oil.  The  amount  of  lead  in  solution 
was  3.23  per  cent,  and  the  iodin  number  of  the  prepared  oil  was  177. 
Oil  C  was  a  pure  raw  linseed  oil  having  an  iodin  numbei*  of  1 79.  The 
oils  were  dissolved  in  ether,  and,  after  distillinu-  ofl"  the  bulk  of  the 
ether,  were  heated  at  98°  to  99°  C. 


Tablk 


-Iodin  nuinhcrs  obtained  by  heating;  oil  nnd'T  difftr  nt  condilions. 


Oil. 

Gas  u.scd. 

Time  of 
heating. 

Iodin 
number. 

Oil. 

Hours. 

A  

Air  

2 

173 

Hydrogen  

2 

182 

■ 

Carbon  dioxid  

2 

180 

B  

Air  

2 

158 

 do  

4 

143 

Carbon  dioxid  

2 

180 

 do  

4 

174 

Gas  used. 


Air  

 do  

Ilydropen  

 do  

Carbon  dioxid. 
 do  


Time  of  }  Iodin 
heatinc.^l  number 


Hours. 
2 
4 
2 
4 
2 
4 


174 
16S 
177 
177 
178 
179 
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Tn  order  to  have  the  iodiii  uumher  furnish  reliable  information 
n-i^anhng  the  nature  of  the  oil  used  in  a  paint,  it  is  necessary  to 
saponify  and  separate  the  fatty  acids,  maldng  the  determination  on 
them.  As  the  iodin  number  of  the  fatty  acids  is  about  4  per  cent 
greater  than  tliat  of  the  ^^lycerid,  the  lower  limit  for  oil  from  North 
American  seed  is  about  185  and  from  South  American  seed  about 
17S. 

Gardner  stated  that  ''when  paints  are  stored  for  a  considerable 
lengtli  of  time  and  then  examined  for  the  iodin  value  of  their  oil  con- 
tent, a  lowering-  of  the  iodin  value  should  not  constitute  cause  for 
rejection  or  be  suflicient  evidence  that  the  oil  was  adulterated  with 
oils  of  lower  iodin  value."  This  is  still  open  to  question,  as  the 
results  of  the  work  in  the  Contracts  Laboratory  indicate  that  but  little 
change  takes  j^lace  during  two  years.  The  changes  that  occur  in  a 
closed  paint  can  are  naturally  very  different  from  those  in  a  drying 
paint  film.  Although  not  yet  shown  to  be  true,  it  is  probable  that  in 
the  latter  case  under  the  infhience  of  light,  air,  and  moisture  there  is 
actually  more  chemical  combination  between  pigment  and  oil.  An  oil 
showing  a  liigh  acid  number  has  more  effect  upon  a  pigment  that  is 
basic  in  its  nature,  such  as  white  lead,  than  an  oil  with  a  very  low 
acid  number  as  that  used  for  tliis  work. 

The  results  in  Table  2  show  that  the  iodin  number  is  in  no  case 
reduced  sufficientl}'  to  place  it  below  a  figure  frequently  given  by 
samples  of  pure  raw  linseed  oil.  Since  duplicate  determinations  of 
the  iodin  number  often  vary  as  much  as  two  units,  a  difference  not 
exceeding  that  must  be  disregarded  in  comparing  the  different 
samples.  The  lower  limit  for  oil  from  North  American  seed  is  placed 
at  178,^  from  South  American  seed  at  171 In  the  Contracts  Labora- 
tory many  samples  from  unknown  sources,  which  have  shown  all  the 
characteristics  of  pure  raw  oil,  have  liad  an  iodin  number  of  170  to 
172. 

Ft  is  interesting  to  note  that  while  the  iodin  number  of  the  oil 
was  changed  only  shghtly  in  all  the  mixtures,  a  greater  decrease 
was  caused  by  so-called  inert  pigments,  kaolin,  and  Indian  red.  than 
by  the  others  which  include  the  lead  and  zinc  pigments. 

The  large  amount  of  ash  from  the  white-lead  samples  undoubtedly 
shows  that  some  of  the  pigment  has  been  actuall}^  dissolved  by  the 
oil.  The  other  figures  for  ash,  howeVer,  do  not  show  with  certainty 
that  there  has  been  an  appreciable  solution  of  pigment. 

The  specific  gra\^ty  of  the  oil  was  raised  slightly  in  almost  every 
case,  but  as  with  the  iodin  number  the  effect  of  two  years'  exposure 
was  practically  the  same  as  that  of  one  year.    The  upper  limit  for 

»Proc.  Amer.  Soc.  Test.  Mat.,  1909,  9:  104.  » Proc.  .\raer.  Soc.  Test.  Mat.,  19U,  //;  202. 
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raw  oil  is  placed  at  0.936  at  15.6°  C.^  Many  of  the  extracted  oils 
are  slightly  above  that  figure. 

A  rise  in  specific  gravity  may  be  caused  by  tlie  solution  of  some  of 
tlie  metallic  portion  of  pigment  in  the  oil.  by  volatilization  of  a  portion 
of  the  oil,  or  by  oxidation.  Oxidation  would  be  accelerated  by  small 
amounts  of  dissolved  lead,  manganese,  or  other  catalytic  agents.  As 
the  oil  after  tw^o  years  showed  no  increase  in  specific  gravity  over  the 
one-year  figure  (except  m  one  case),  the  air  inclosed  in  the  jar  prob- 
ably had  very  Httle  effect.  The  samples  of  extracted  oil  were  rather 
small  for  an  accurate  specific-gravity  determination,  so  that  a  differ- 
ence of  one  or  two  units  in  the  third  decimal  place  must  be  disregarded. 

Kaolin  had  greater  bleaching  effect  than  any  of  the  other  jjigments, 
the  black  pigments  and  the  zinc  white  causing  practically  no  cliange 
LQ  the  color  of  the  oil.  The  jars  were  filled  completel}",  so  that  the 
influence  of  air  must  have  been  negligible  for  the  first  year.  As  a 
portion  was  removed  at  the  end  of  that  time,  during  the  second  year 
of  exposure  about  100  cc  of  air  filled  the  s])ace  above  the  paint  in 
the  j  ar. 

The  constants  of  an  oil  mixed  with  a  pigment  into  a  tliick  paste 
might  be  changed  more  than  those  of  oil  in  the  kind  of  paint  used  in 
these  experiments,  for  a  greater  proportion,  if  not  practically  all.  of  the 
oil  would  then  be  in  direct  contact  with  the  pigment.  8am])les  of  oil 
extracted  from  stiff  white-lead  pastes  in  this  laboratory  have  yielded 
fatty-  acids  with  an  iodin  number  of  185.  The  nature  and  origuial 
constants  of  the  oils  were  unknown.  The  addition  of  driers  and 
thmners  would  also  influence  these  constants,  and  the  results  of  these 
experiments  are  comparable  only  with  paints  made  exclusively  of 
raw  oil  and  pigment  in  such  proportions  that  the  paint  is  ready  for  use 
without  tliinning. 

Although  the  effect  of  white  lead  upon  the  specific  gravity  and 
lodin  number  is,  under  these  circumstances,  practically  no  greater 
than  that  of  some  of  the  other  pigments,  it  is  evident  from  the  amount  of 
ash  that  a  greater  weight  of  the  pigment  has  gone  into  solution; 
though,  considering  the  higher  atomic  weight  of  lead,  the  extent 
of  chemical  action  need  be  no  greater.  The  lead  cliromate  did  not 
combine  with,  the  oil  to  so  great  an  extent  as  the  basic  carbonate. 

The  tendency  of  some  of  the  pigments  is  to  increase  slightly  the 
specific  gravity  of  the  oil,  in  many  cases  raising  it  above  the  higher 
limit  for  pure  raw  linseed  oil,  0.936;  hence  a  figure  obtained  on  the 
extracted  oil  whicli  is  near  the  lower  limit  for  j)ure  raw  linseed  oil, 
0.932,  may  indicate  the  presence  of  other  oils  of  lower  specific  gravity. 


» rroc.  Amcr.  Soc.  Test.  Mat.,  190J,  9:  164. 
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NOTK  ON  THE  MANGANESE  CONTENT  OF  RAW  LINSEED  OIL. 

In  1911  sixteen  samples  of  raw  linseed  oil  of  known  purity  and 
source  were  sent  out  to  the  members  of  the  Subcommittee  on  Lin- 
seed Oil  of  tlio  American  Society  for  Testing  Materials.  Voorhees  ^ 
found  manganese  in  the  ash  of  all  the  samples.  In  the  Contracts 
Laboratory  the  same  oils  were  ashed  and  the  amount  of  manganese 
determined.  Thirty  grams  of  oil  were  used  and  the  manganese  deter- 
mined by  the  bismuthate  method.  Table  4  shows  the  results.  The 
percentage  of  manganese  is  figured  on  the  oil. 


Table  4.    Manganese  content  of  raw  linseed  oil. 


Sample  No. 

Ash. 

Manganese. 

Sample  No. 

Ash.  • 

Manganese. 

1  

Per  cent. 
0.16 
.02 
.03 
.16 
.03 
.18 
.18 
.16 

Per  cent. 
0.0004 
.  0005 
Faint  trace. 

.0005 
Faint  ti  ace. 
.  0003 
.0002 
.0003 

Per  cent. 
0. 19 
.21 
.05 
.03 
.03 
.04 
.16 
.16 

PercerU. 
0.0008 

.0008 
Faint  trace. 
Faint  trace. 

.0005 
Faint  trace. 

.0005 

.0003 

2  

10  

3  

11  

4  

12  

5  

13  

6  

14  

7  

8  
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Approved. 

James  Wilson, 

Secretary  of  Agricvliure. 

Washington,  D.  C,  Decetnher  4,  1912. 
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